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Foreword

This workbook is an output of the COST Action 66 “Fate of pesticides in the soil and the environment” that was managed by the General Directorate “Research” in Brussels during 6 years, from January 1993 to October 1998. It has been written not only as a final report but mainly to assist scientists, professionals and Ph.D. students in better studying the environmental fate of pesticides.

This workbook provides research methods and mathematical models for those seeking to understand and to predict the environmental fate of pesticides. It is not an exhaustive catalogue of laboratory tests, outdoor experiments or mathematical models and it does not give definitive answers to evaluate the risks of soil and water pollution.

The purpose of this workbook is to gather technical and objective description of some current research methods and mathematical models developed and/or used in Europe. Each method is described following the same sections, especially on what enables its setting up, on its advantages and drawbacks. References are split up in two groups to separate those in which the proposed method was already used (Set 1 ) and those dealing with other similar methods (Set 2).

The different sections are opened by an introduction chapter to provide to the reader with comparison and guidance on the proposed methods. The introduction chapter provides an overview of the behaviour of pesticides in soil and the environment.

It is hoped that these research methods and mathematical models will be widely used to learn more about the fate of pesticides and to plan ahead for soil and water pollution as well as for preparing future European guidelines for pesticides registration.


 Prof. Juan Cornejo, Scientific Editor 
Dr. Paul Jamet, Chairman of COST 66





In memory of Mohamed MANSOUR






Dr. Mohamed Mansour, research chemist at the Centre for Environment and Health (G.S.F) Neuherberg-Munich, Germany, died unexpectedly on February 1st, 2000. He was born in 1942 in Casablanca, Morocco and came to Germany in 1964. He received a degree in Chemistry (1973) and Ph.D. in the field of Organic Chemistry and Pharmacology (1975), both from the university of Bonn. He spent a few months at the University of La Sapienza in Rome in the department of Chemistry as a guest Professor. He moved to the GSF Research Centre in Neuherberg where he studied abiotic degradation processes of chemicals, mainly pesticides and their metabolites. In 1977 he was asked to study environmental photochemistry in the GSF Freising-Attaching. Around ten years after he became senior scientist in a research unit again in the GSF Research Centre in Neuherberg.

Dr. Mohamed Mansour is the author or a co-author of more than 130 publications. He serves on the editorial Advisory Boards of Fresenius Environmental Bulletin. He has organised and chaired or directed a series of ecotoxicological symposia since 1986. He conducted International co-operation and he received the 1986 International award for research in the field of environmental protection from the Technical University of Lublin in Poland.




Dr. Mohamed Mansour suggested in 1987 to create a European network on the environmental fate of pesticide. On 30.05-01.06.90 he organised a workshop at the GSF Research Centre Munich/Neuherberg which contributed to set up a European network, namely COST Action 66 “Fate of pesticides in the soil and the environment”. During more than 6 years (1992 - 1998) he contributed to the success of this COST Action. His research interests were the fate and transport of organic compounds in soil and water. Current areas include the development of techniques concerning the photo process formation of pesticides on soil surfaces. In France, Spain and Morocco as well as in Germany, Dr. Mohamed Mansour was deeply involved in student and PhD education. He welcome many young scientists in his laboratory in the GSF Research Centre, encouraged them and supported their work.




Above all. Dr. Mohamed Mansour was a wonderful and stimulating colleague, always available to listen and to help us. He will be greatly missed by his family, friends, and colleagues.

Our thoughts are with his wife and two sons.


 The members of the Management Committee 
The members of COST Action 66
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Agrochemicals are special case of widely used chemicals. In less than half a century the advent of pesticide use has coincided with the tremendous increase in agricultural productivity. They are used worldwide in plant protection to control or destroy weeds, insects, fungi and other pests. The recent trend toward conservation-tillage systems has also meant an increase reliance on chemical pesticide use, such as the integrated pest management approach combining nonchemical means with the chemical use for pest control. Whatever their patterns of use, most of them reach the soil during or after treatment. The soil, which is the main recipient of all pesticides, plays a leading role in the environmental fate of these chemicals and in the protection of surface and ground waters. The environmental fate of pesticides in soil is viewed with great concern today mostly due to the problems resulting from the use of persistent and mobile molecules affecting the surface and ground water quality. Along with the increasing concern about chemical contamination of various ecosystems, much emphasis has been put on designing suitable methods to characterize the different processes affecting the fate of pesticides in soil.

Field experiments under semi-controlled or non-controlled conditions and short-term laboratory mobility studies (leaching, volatilization and run-off test), together with soil adsorption-desorption and degradation studies under controlled conditions have been widely performed. But as the systems investigated become more and more complex, it’s obvious that close collaboration and use of large and expensive equipments in research centres become a necessity. It is obvious that an harmonization on research methods is absolutely necessary.

An insight into the behaviour of pesticides in the soil

The soil appears as the principal recipient of all active ingredients used in plant protection. The soil behaves as an active filter, where the chemicals are degraded by biological and non biological processes and as a selective filter because it is able to retain some chemicals to prevent their leaching to ground water. Both the fate of the agrochemicals in the soil and their dispersion in the environment mainly depend on the characteristics and the overall functioning of this ecosystem (Fig. 1). In the soil, pesticides are affected by the simultaneous influence of transfer, adsorption-desorption, physicochemical degradation and biodegradation phenomena. All these processes are dynamic and non-linear processes.
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Figure 1. Factors and processes affecting the behaviour of pesticides in soil.



Transfer phenomena

Volatilization

Volatilization occurs mainly during application, especially spraying. After it concerns essentially the quantities of the products that remain at the surface of the soil or of the plants. The vapor pressure and the partition coefficients (air/water, air/solid phase) relevant to the compound are the main factors together with the temperature and the airing at the soil surface.


Leaching

Pesticide can move in the soil in two directions, laterally and vertically. Leaching can vary widely according to the compound, to soil and climate conditions and to the agricultural practices. It may control the efficiency of the application according to the distribution of the active ingredient in the soil. Laboratory and field experiments are carried out to determine the vertical distribution of agrochemicals in the soil profile and to assess the risk of leaching toward ground water. In the laboratory, the two basic methods, soil column and soil thin-layer chromatography, have a fundamental analogy with conventional chromatography in that with they allow a direct measurement of leaching. Field experiments with mini-lysimeters and lysimeters, and monitoring of water pollution levels (drainage waters, water catchment, ...) allow follow-up and prediction of the transfer.


Run-off

Run-off depends on the slope of the soil, the rainfall characteristics, the structural stability of the soil, the agricultural practices and the crop cover. Run-off, whether in solution or in suspension, also depends upon the water solubility of the compounds and their adsorption by the soil components and contributes to the pollution of surface waters and sediments.



Adsorption-desorption phenomena

The origin of the adsorption-desorption phenomena is the molecular attraction by the surfaces of the mineral and organic soil components (clays, organic matter, oxides). The water solubility and the ionization or the polarity of the molecule are the factors relevant to the active ingredient; the other factors depend upon the soil (composition of the soil, nature and properties of the mineral and organic soil components, soil pH, ...). The adsorption-desorption phenomena have an effect upon the behaviour of pesticides in soils. An adsorbed molecule is not generally bio-available, carried away by the movement of water in the soil and generally less rapidly degraded. When it desorbs, the molecule becomes bio-available again, and it may be degraded and carried away by leaching or run-off. Laboratory experiments are carried out to assess the amount of active ingredient adsorbed by the soil (OECD guideline N° 106), and to estimate adsorption and desorption velocities.



 Degradation phenomena and persistence

The soil is an ecosystem that is endowed with high degradation potential. The degradation processes, chiefly biological processes, produce more or less toxic metabolites, and mineral compounds such as H20, C02, NH3, ...

Biodegradation, i.e., decomposition effected by the soil microbial population, is due to the activity and diversity of the very complex soil microflora (mainly bacteria and fungi). The chemical stability of the compound, its adsorption by soil components and its effects on the soil microflora control the degradation as well as the factors relevant to the environment: all the parameters such as temperature, water content, and soil composition that act on the growth and functioning of the soil microflora affect biodegradation. Nonbiological or abiotic degradation may be quit significant because most pesticides are chemically reactive and results from decomposition by the sunlight or to catalytic break-down at the surfaces of clays and organic matter.

Different laboratory incubation systems have been proposed to study the degradation kinetics (assessment of DT50 & DT90 in soil), and to determine the metabolic pathways (chemical structure of metabolites). Under field conditions the monitoring of the residue levels and the study of simultaneous leaching and degradation using lysimeters are increasingly performed.



 Outdoor experiments and monitoring

Greater attention has been focused on the potential problems of water contamination. Pesticide presence in open water bodies (ponds, rivers, lakes, ...) may originate from surface run-off, industrial wastes, accidental spills, direct applications. So, the objective of field experiments would be to determine the degradation and transport of the parent and relevant metabolites through the vertical profile of the soil or at the soil surface. Either a small scale plot or lysimeters could be used; soil cores and drainage water samples are analyzed. Run-off studies need specific experimental plots and devices to collect run-off samples which permit partition between solid and liquid phases. Pesticides concentrations in the sediments may be much higher than concentrations in the water. Strategies for monitoring agrochemicals in surface and ground waters are developed in many countries.


 Mathematical modelling

Only a small number of the different situations can be covered by laboratory and field experiments. So, computer modelling is generally used to estimating the likely variability in behaviour. During the passed years different models have been developed to evaluate just one dissipation phenomenon, whereas others take into account the roles and the interactions between several phenomena.

Simulation models are currently in development or under validation. They are used for calculating run-off and leaching potential. These models are now used in a truly predictive way. Nevertheless, much work is needed to calibrate and to validate them before they can be relied on as primary methods of assessment or as screening tools for establishing standardized registration criteria.



COST 66 contribution to the studies of soil-pesticide interactions

Much research aims to improve standardized procedures to obtain basic laboratory data on the behaviour of pesticides in soil and water bodies. Mathematical models begin to provide essential data for risk assessment and risk management. Nevertheless, for the coming years, outdoor experiments will continue to provide detailed data on the fate of plant protection products under different farming and environmental conditions. New strategies for monitoring will be developed, data will be used for validation of predictive models and monitoring will have a more explicit role in pesticide registration.

At last but not least, since soils play a leading role in the protection of surface and ground water, soils must be protected especially against degradation by erosion. Maintaining the quality of our soil resource constitutes the environmental challenge. Within the European Union, COST Action 66 underlines the real urgency for support of research in this broad area of environmental science.




The idea for this book was originated some years ago by prof. J. Cornejo during a COST 66 Management Committee Meeting, as a tool for future research on pesticide-soil interactions, compiling the efforts of many european laboratories. But, how the COST 66 Action was born ?




After four European workshops organized from 1988 to 1991, the COST Action 66 “Fate of Pesticides in the Soil and the Environment” was launched on 27 January 1993 during the first Management Committee (MC) Meeting held in Brussels. P. Jamet was elected Chairman and F. Lobhik was elected Vice-Chairman. The Action aims “to enlist European laboratories that intended to cooperate in investigating the topic Pesticides-Soil-Environment by research on both the consequences of using pesticides in crops and the ecotoxicological problems resulting from the dispersion of pesticides in the environment”. From January 1993 to October 1998 COST 66 brought together ‘100 members’ laboratories from 18 countries, i.e., around 300 scientists.

Four working groups were constituted; their scientific programmes are managed by two up to four coordinators:



	Sorption & Mobility (J. Cornejo, A. Piccolo, I. Scheunert): research activities concern sorption parameters, sorption on organic matter and clay minerals, leaching and volatilization.

	Degradation & Transformation (F. Andreux, M. Mansour, D. Suett & L. Tortensson): research activities address the biotic and abiotic aspects of transformation within two main topics, abiotic transformations and biodegradation.

	Outdoor experiments & monitoring (A. Copin, S. Kurppa & G. Puchwein): Harmonization of the monitoring studies, standardization of field lysimeters and efficacy of buffer strips in stopping the chemical outflow from agricultural areas are the main research topics.

	Mathematical modelling (J. Boesten & A. del Re): the main activity is to test available mathematical models. Four data sets have been selected and will be applied to fourteen models.


These scientific programmes “aim to develop and improve those laboratory and field methods required for predicting the environmental fate of pesticides, especially the hazards involved by qualitative and quantitative transfer of the active ingredients and their metabolites to aquatic environments”.

The research methods for pesticide/soil interaction studies described in this book have been grouped following the above mentioned Working Groups recommendations. Each section has been introduced by the corresponding coordinators. It has been quite difficult in some occasions to place properly the contribution in the corresponding section. Previously, as an introduction to the differentt methods a chapter dovoted to EUROSOILS has been considered to be adequated for the readers.

From a whole survey of the cycling of pesticides in the environment this book gives an insight into the behaviour of pesticides in the soil through the scientific programmes of COST Action 66.

The preparation of this book has been possible due to the cooperation between all the authors and the Management Committee Members. We thank them for their participation in this task.





Part 1

Laboratory tests

Choice of soils.


 Mobility studies.


 Adsorption-desorption studies


 Degradation studies.





EUROSOILS - A new approach to improving the quality of data related to soil interaction of chemical substances

B.M. Gawlik and H.W. Muntau


Abstract

This paper gives an overview on the development, properties and application of the European reference soil set - the so-called EUROSOILS. The introduction of this new type of reference materials allowed for the first time to compare data related to soil interaction of chemical substances, and thus to improve their quality. Due to their unforeseen success a second generation of EUROSOILS had been produced and compared to the precursor. Furthermore, the applicability of EUROSOILS to the development and the harmonisation of Koc-screening techniques was studied.

It could be shown that soil sorption data derived from both versions of one EUROSOIL are not significantly different. Thus, it becomes possible to provide also in the future a sufficient large stock of EUROSOILS to the interested laboratories. Based on the results of the EUROSOIL-Project a scheme for introduction quality assurance and quality control into the field of environmental studies is proposed.

Keywords: Eurosoils, soil interaction, quality control, quality assurance, soil adsorption coefficient (Koc), reference materials




Introduction

The presence of most chemical substances in the environment is closely related to human activities. These environmental chemicals are either deliberately distributed to the different compartments, e.g. herbicides or fertilisers, or arrive due to an uncontrolled or accidental process in our natural environment, e.g. exhaust gases or detergents. Nowadays, more than 100000 commercial chemical substances are known and every year approximately 1000 new products are added. Concern about the environmental fate of these chemicals has grown in the recent years and consequently, the study of the ecological behaviour and different interactions of the environmental compartments and a compound (Fig.1) has become mandatory.

The understanding of soil interactions takes a special role in this evaluation scheme, because the soil compartment also includes the two other compartments, water and atmosphere. Owing to the complex and heterogeneous structure of soil it is particularly difficult to obtain representative soil related data. As part of the earth surface lithosphere, hydrosphere, atmosphere and biosphere are intermingled and interact in soils. Soils are the result of numerous physical, biological and chemical processes. Besides their function as biotope and food producer they play a decisive role as filtering, buffering and transforming systems for contaminants of anthropogenic origin.
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Figure 1. Possible interactions and transport phenomena that influences the environmental fate of a chemical substance (reproduced according to a scheme proposed by Korte 1992).




In recent years the threat to drinking water resources by contaminated soils has gained considerable public attention and hence, the evaluation of soil mobility and soil-related processes of chemical products has become an essential part of the over-all risk assessment within the framework of chemical testing (Korte, S2-1992). A consequence of this development was the introduction of the Council Directive 79/831/EEC, the sixth amendment to Council Directive 67/548/EEC on the classification, packaging and labelling of dangerous substances where the testing of soil sorption behaviour of chemical substances that come into contact with man and nature has become mandatory for all new chemicals, i.e. those substances that are placed on the European market after 18 September 1981.

However, this example of soil sorption testing brings one of the most neglected problems in ecological studies into focus, i.e. the quality of data derived from these experiments. The European Environment Agency (EEA) stated in 1994 that “analytical data must be reliable in order to be of any use for regulatory purposes” referring to considerable problems that still exist when determining the concentrations of various pollutants in soil, water and air. This statement also holds true for the results of ecological studies.




Historical background of the EUROSOILS

In 1984 it was estimated that economic losses in Germany due to poor analytical data amounted to several billion ECU (S2-Tölg, personal communications). Considering the growing importance of ecological evaluation studies it may be expected that the damage caused by decisions based on wrong information of possible ecological consequences of environmental chemicals and their distribution has the same order of magnitude. As a first attempt at a harmonisation of testing procedures in 1986 the JRC’s Environment Institute introduced, in close collaboration with the German UBA and some other European partners, a set of reference soils in order to create a common basis for the comparability of soil sorption related data (S1-Kuhnt & Muntau, 1992). These reference soils were selected in a such manner that the whole set covers the most frequent European soil types, also considering their association pattern with other soils as well as their geo-morphological history, the climatic conditions of their location, the land cover and land use. The selected soils fulfil the following representativity criteria which were established by Vetter & Kuhnt (S1-1994) at the beginning of the first EUROSOIL-Project:

– Representativity of soil characteristics:

The selected soils cover a wide range of sorption-controlling properties. Thus, the influence of sorption-related soil parameters like pH, cation-exchange capacity, clay content or organic-carbon content on the behaviour of a given compound can be assessed by comparing the various test results.

– Representativity with respect to frequency distribution:

This criteria guarantees that each test result is to a certain extent valid for a large area of the European Union.

-Regional representativity:

The selected sites of the EUROSOILS were chosen in such a manner that typical regional association patterns with other soils and the main climatic conditions in the EU were included. Moreover, care was taken to consider the main types of plant communities and land use patterns.

Table 1 briefly summarises the soil locations selected according to these criteria.


Table 1. EUROSOILS - origin and properties.
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In order to provide the laboratories involved with samples from these selected sites the JRC’s Environment Institute produced about 150 kg of air-dried and sterilised fine soil material sampled at each location and distributed these samples together with a report containing a complete pedological and analytical characterisation as well as the results of the interlaboratory exercise organised to validate these soils as suitable test substrates for sorption studies.

Soon after their introduction the EUROSOILS were accepted as reference soil samples, not only for sorption studies, but also for a variety of other experimental set-ups dealing with the soil matrix, which was a quite surprising and unforeseen development. Fig. 2 briefly summarises the various fields of applications of these unique reference materials. As can be seen from this figure most applications refer to the examination of soil mobility properties by classical batch experiments or leaching studies. It is worth mentioning that in 16% of the cases EUROSOILS were used for the monitoring of quality with regard to data reproducibility and comparability, i.e. in the sense of a classical reference materials designed to control and to ensure the quality of work (S1-Gawlik et al., 1996).
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Figure 2. EUROSOIL application fields.




The term non-pedological applications includes the testing of new technologies for soil decontamination as well as the development of analytical procedures for the extraction and determination of organic pollutants in soils. In particular, the latter application underlines the closeness of EUROSOILS and classical analytical quality control materials. It is no wonder that soon after their introduction in 1991 the demand for EURO-SOILS grew dramatically, and in 1993 the question was posed whether it might be possible to reproduce a sufficiently large stock of these soil materials in order to guarantee in future reference soils which maintain the same characteristics as their precursors.

Another development increased the interest in the production of a second generation of EUROSOILS: the introduction of the European Inventory of Existing Commercial Chemical Substances (S2-Commission of the European Communities, 1987) created the already mentioned distinction between “new” and “existing” chemicals. While the so-called new substances are tested with regard to their soil behaviour according to a specific technical procedure, no comparable data exist for the more than 100000 existing chemicals.




The new generation of EUROSOILS

In 1994, the European Chemical Bureau financed an intensive literature research in order to evaluate the state of the art in alternatives for the determination of soil sorption behaviour of organic chemicals and the type of soils used for it (S2-Sotiriou, 1994). The reviewing of the available literature on soil sorption studies showed that a large amount of sorption data is available for a broad variety of chemically different substances and that much progress has been made during the last two decades in explaining abiotic soil processes. Nevertheless, most of the information produced is only of limited value for the scientific community as comparison of data is almost impossible. Apart from the EUROSOILS no standard or reference soil allowing a direct comparison of sorption data were found (S2-Sotiriou, 1994).

As a consequence the ECB launched a research project to evaluate the applicability of EUROSC3IL5 for the harmonisation of the alternative methods found linked to the activeities of the production of a second EUROSOIL generation. During this study a second generation of EUROSOILS (except EUROSOIL 6) was prepared using soil material sampled in the same locations as in the first campaign.

To validate the second edition the result of its chemical and pedological analyses were compared to those of its precursor. Table 2 summarises some features of the chemical analysis of the second version and compares the results to those of the first version. As can easily be seen the results indicate that both EUROSOIL editions show an almost identical chemicals composition.


Table 2. Comparison of some major constituents.


[image: e9782738009227_i0006.jpg]



A similar comparative study was performed with regard to the pedological parameters like grain size distribution, cation exchange capacity, pH-values and organic carbon content. Here again, the obtained data proves that both versions of each specimen are almost indistinguishable, e.g. with regard to their grain size distribution (Fig. 3, Tab. 3).
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Figure 3. Grain distribution in both Versions of ES 4.





Table 3. Comparison of the grain size distributions.
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Unfortunately, the results obtained for the determination of the total organic (tab. 4) carbon content reveal some significant differences, especially for EUROSOIL 1 and 5. The major difference appearing in the different versions of ES 1, however, is of minor importance as the sorption governing factor in this vertic cambisol is the extremely high clay content of about 70%. A comparative adsorption test performed with atrazine, 2,4-D and monuron reveals that ES 1,2,3 and 4 give identical Freundlich adsorption isotherms. The respective Kf-values are listed in Table 5.


Table 4. Comparison of carbon contents.
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Table 5. Comparison of Freundlich coefficient Kf for three chemicals.
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According to the analysis performed so far, the second version of ES 5 has 50 per cent less organic carbon than its precursor. This difference would explain why version 2 of ES 5 showed decreased adsorptivity for the above mentioned pesticides by the same factor. Normalisation of the respective adsorption coefficients by the organic carbon content leads, within the limits of experimental reproducibility, to quite similar values of Koc. Nevertheless the isotherms for ES 5 are characterised by unusually large confidence intervals (95% significance). This may be explained by the fact that EUROSOIL 5 de-homogenises easily when sub-samples are taken due to the large difference in the specific weight of its two major components, i.e. organic matter and quartz crystals of different shape. In this case normalisation of adsorption coefficients by the different contents of organic carbon leads to identical values for Koc.

In summary, one can say that all the results obtained so far emphasise the strong similarity of both EUROSOIL generations. This is also confirmed by an extended cluster-analysis based on the available analytical and pedological data (Fig. 4). The comparison of the related data as well as the sorption study of more than 40 compounds belonging to different chemical substance classes showed that the properties of the two versions of one EUROSOIL could be kept constant (S1-Gawlik et al., 1994; Sl-Gawlik, 1998). Thus, it can be granted that a sufficiently large stock of EUROSOILS can also be provided in the future.
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Figure 4. Cluster-Analysis of analytical and pedological data describing both EUROSOIL generations The Euclidian distances are displayed on the y axe with Dist. (x, y) = [S (xi-yi)2]1/2. Minimum linkage distances are observed for the first and second generation of a EUROSOIL proving their chemical and pedological identity.








EUROSOIL-related alternative methods for Koc-determination


To tackle the problem of reliable and comparable adsorption data for the existing substances numerous alternative methods which were developed for a screening of soil adsorption coefficients, were reviewed in this project (S1-Gawlik et al., 1997). The different approaches are based on the correlation of soil adsorption coefficients (Koc) with one or more descriptors for the substances of interest. These descriptors are usually other coefficients depending on the free enthalpy like the partition coefficient forn-octanollwater (Kow) (S2-Briggs, 1981; S2-Gerstl, 1990; S2-Karickhoff, 1981; S2-Sabljic et al., 1995; S2-Chiou et al., 1983; S2-Briggs, 1973), the water solubility (S2-Briggs, 1981; S2-Gerstl, 1990; S2-Kenaga & Goring, 1980) or the capacity factor derived for a liquid-chromatographic system (S2-Vowles & Mantoura, 1987; S2-Hodson & Williams, 1988; S2-Szabo & Guczi, 1995; S2-Müller & Kördel, 1996). Other groups correlated molecular descriptors like the various connectivity indices (S2-Sekusak & Sabljic, 1992), molecular weight (S2-Kanazawa, 1989), Van der Waals — volume or solvent accessible surfaces (S2-Reddy & Locke, 1994) with soil adsorption coefficients. The derivation of multivariate equations using linear solvation energy relationships was reported, too (S2-Park & Lee, 1993). From this evaluation Kow and RP-HPLC capacity factor proved to be the most promising attempts to predict Koc. Especially the latter pennitted the successful derivation of EUROSOIL-specific correlations allowing screening the adsorption coefficients of many chemically different substances with a simple determination of the retention time in an HPLC system (S1-Gawlik et al., 1998). The respective correlations are displayed in Table 6.


Table 6. EUROSOIL-specific correlations between Log(Koc) or. Log(Kf/d) and log(k’).
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The intense study of the pedological properties and chemical composition of the EURO-SOILS as well as the possibility of determining the soil adsorption behaviour of different chemicals with two versions of the soil, underlined the difficulties in norinalising soil adsorption coefficients (Kf/d)...
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